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(57)Abstract: 

PROBLEM TO BE SOLVED: To suppress the generation of a short-channel effect and a 
junction leakage current by forming a gap between the bottom surface of a gate-side 
insulation film and a silicon substrate by etching a liner and a gate oxide film in a crosswise 
direction. 

SOLUTION: For example, an Si02 liner 10 and a gate sidewall SiN film 1 1 are used, and 
further the Si02 liner 10 on the bottom surface of the gate sidewall SiN film 11 is etched in a 
crosswise direction by a specific amount, thus forming a gap with specific dimensions 
between the bottom surface of the gate sidewall SiN film 1 1 and the silicon substrate 1 . After 
that, by allowing silicon to be subjected to epitaxial growth, a facetless epitaxial silicon film 12 can be formed at a 
part in contact with the gate sidewall SiN film 1 1 . Therefore, by injecting an impurity ion onto a substrate surface 
via the facetless epitaxial silicon film 12 and forming a source diffused layer 14 and a drain diffused layer 15, the 
generation of a short-channe^ effect and a junct^ 
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CLAIMS 



[Claim(s)] 

[Claim 1] A silicon substrate and the gate electrode prepared in said silicon substrate surface through the 
insulator layer, By forming the EREBETEDDO source film and EREBETEDDO drain film with which those surface 
parts were caught up with from said silicon substrate surface at least on the source field of said silicon substrate 
surface, and a drain field It is the semiconductor device in which the front face of said source field and a drain 
field has the structure caught up with rather than said silicon substrate surface. The 1st gate side-attachment- 
wall insulator layer in which it was formed in the side attachment wall of said gate electrode, and the base 
separated from said silicon substrate surface, and was formed, It is formed between this 1 st gate side- 
attachment-wall insulator layer and said gate electrodes and in the base of said 1st gate side-attachment-wall 
insulator layer. The part which consisted of an ingredient of said 1 st gate side-attachment-wall insulator layer 
and a different ingredient, and was formed in this base The inside of the base of said 1st gate side-attachment- 
wall insulator layer, The semiconductor device which has the EREBETEDDO source drain structure characterized 
by consisting of the 2nd gate side-attachment-wall insulator layer which exists in the inside base part of said 
gate electrode approach. 

[Claim 2] The semiconductor device which has the EREBETEDDO source drain structure according to claim 1 
characterized by an opening existing between said silicon substrate and the base of said 1 st gate side- 
attachment-wall insulator layer of the part in which said 2nd gate side-attachment-wall insulator layer does not 
exist. 

[Claim 3] The facet of said EREBETEDDO source film and the EREBETEDDO drain film exists in said opening. 
The distance between theta, said silicon substrate, and the base of said 1 st gate side-attachment-wall insulator 
layer for the include angle of this facet and said silicon substrate to make And y, The semiconductor device which 
has the EREBETEDDO source drain structure according to claim 2 characterized by fulfilling the conditions of 
y/x<tantheta when the dimension of the direction of channel length of the base of said 1 st gate side-attachment- 
wall insulator layer of the part in which said 2nd gate side-attachment-wall insulator layer does not exist is set to 
x. .............. 

[Claim 4] The longitudinal directions of {100} and said gate electrode of the principal plane of said silicon substrate 
are the <110> directions of said silicon substrate. And an opening exists between said silicon substrate and the 
base of said 1st gate side-attachment-wall insulator layer of the part in which said 2nd gate side-attachment- 
wall insulator layer does not exist. And the facet of said EREBETEDDO source film and the EREBETEDDO drain 
film exists in this opening. The include angle of these facets and said silicon substrate to make, respectively 25.23 
degrees, The distance between said silicon substrate and the base of said 1st gate side-attachment-wall insulator 
layer And y, When the dimension of the direction of channel length of the base of said 1 st gate side-attachment- 
wall insulator layer of the part in which said 2nd gate side-attachment-wall insulator layer does not exist is set to 
x The semiconductor device which has the EREBETEDDO source drain structure according to claim 1 
characterized by fulfilling the conditions of y/x<tan (25.23 degrees). 

[Claim 5] A silicon substrate and the gate electrode prepared in said silicon substrate surface through an 
insulator layer, By forming the EREBETEDDO source film and EREBETEDDO drain film with which those surface 
parts were caught up with from said silicon substrate surface at least on the source field of said silicon substrate 
surface, and a drain field It is the semiconductor device in which the front face of said source field and a drain 
field has the structure caught up with rather than said silicon substrate surface. The 1st gate side-attachment- 
wall insulator layer which consists of a silicon compound which it is formed in the side attachment wall of said 
gate electrode, and a base separates from said silicon substrate surface, and is formed, and contains nitrogen, It 
is characterized by having the 2nd gate side-attachment-wall insulator layer which is formed between this 1st 
gate side-attachment-wall insulator layer and said gate electrodes and in the base of said 1st gate side- 
attachment-wall insulator layer, and is different from said silicon compound. Semiconductor device which has 
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EREBETEDDO source drain structure. 

[Claim 6] So that the process which forms a gate electrode through gate dielectric film on a silicon substrate, and 
said gate dielectric film and said gate electrode may be covered The process which forms the 2nd insulator layer 
which consists of a different ingredient from this 1st insulator layer on the process which forms the 1st insulator 
layer in the whole surface, and said 1st insulator layer, By using said 1st insulator layer for the etching stopper to 
said silicon substrate, and etching the front face of said 2nd insulator layer While removing by etching said 1st 
insulator layer of the process which makes the side attachment wall of said gate electrode save said 2nd insulator 
layer selectively through said 1st insulator layer, and the field which is not covered by said 2nd insulator layer The 
process which makes said 1st insulator layer save selectively between said 2nd insulator layer and said silicon 
substrates, Where the front face of said silicon substrate of said 1 st and 2nd perimeters of an insulator layer is 
exposed, epitaxial growth of silicon is performed. The process which forms the silicon film without a facet in the 
part which touches with said 2nd insulator layer on said silicon substrate of said 1 st and 2nd perimeters of an 
insulator layer, By performing annealing, after injecting impurity ion into the front face of said silicon substrate 
through said silicon film The manufacture approach of a semiconductor device of having the process which forms 
a source diffusion layer and a drain diffusion layer in the front face of said silicon substrate, the process of said 
silicon film which changes a surface part into the metal silicide film at least, and the EREBETEDDO source drain 
structure which consists of;. 

[Claim 7] A silicon substrate and the gate electrode formed in said silicon substrate surface, On the source field 
of said silicon substrate surface, and a drain field, the EREBETEDDO source film and EREBETEDDO drain film 
with which those surface parts were caught up with from said silicon substrate surface at least are formed. The 
1st gate side-attachment-wall insulator layer which is the semiconductor device in which the front face of said 
source field and a drain field has the structure caught up with rather than said silicon substrate surface, and was 
formed in the side attachment wall of said gate electrode, It is formed between this 1st gate side-attachment- 
wall insulator layer and said gate electrodes and in the base of said 1 st gate side-attachment-wall insulator layer. 
Consist of an ingredient of said 1st gate side-attachment-wall insulator layer, and a different ingredient, and it is 
formed between the front face of said silicon substrate, and the base of said 1st gate side-attachment-wall 
insulator layer. It is characterized by having the 2nd gate side-attachment-wall insulator layer which exists in the 
inside base part of said gate electrode approach. Semiconductor device which has EREBETEDDO source drain 
structure. 

[Claim 8] A silicon substrate and the gate electrode prepared in the; aforementioned silicon substrate surface 
through an insulator layer; on the source field of said silicon substrate surface, and a drain field By forming the 
EREBETEDDO source film and EREBETEDDO drain film which were caught up with from said silicon substrate 
surface It is the semiconductor device with which the MOS transistor in which the front face of said source field 
and a drain field has the structure caught up with rather than said. silicon substrate. surface is. formed. The. gate 
side-attachment-wall insulator layer in which it was formed in the side attachment wall of said gate electrode, 
and the base separated from said silicon substrate surface selectively, and was formed, The liner layer selectively 
formed between the base of said gate side-attachment-wall insulator layer, and said silicon substrate surface, 
The gate dielectric film formed between the base of said gate electrode, and the front faces of said silicon 
substrate, and in the inner surface of said gate side-attachment-wall insulator layer, The semiconductor device 
which is on the exposure front face of said silicon substrate, and has the gate electrode with which it was 
prepared for Mizouchi surrounded with said gate dielectric film, and flattening of the top face was carried out, and 
the EREBETEDDO source drain structure characterized by changing more through said gate dielectric film. 
[Claim 9] Said EREBETEDDO source film and the EREBETEDDO drain film are a semiconductor device which is 
characterized by there being no facet in the part which touched said 1st gate side-attachment-wall insulator 
layer and which has claims 1, 5, and 7 or EREBETEDDO source drain structure given in 8. 

[Claim 10] The semiconductor device which has the EREBETEDDO source drain structure according to claim 9 
characterized by an opening existing between said silicon substrate and said gate side-attachment-wall insulator 
layer. 

[Claim 11] The facet of said EREBETEDDO source film and the EREBETEDDO drain film exists in said opening. 
The distance between theta, said silicon substrate, and the base of said 1st gate side-attachment-wall insulator 
layer for the include angle of this facet and said silicon substrate to make And y, The semiconductor device which 
has the EREBETEDDO source drain structure according to claim 10 characterized by fulfilling the conditions of 
y/x<tantheta when the dimension of the direction of channel length of the base of said 1st gate side-attachment- 
wall insulator layer of the part in which said 2nd gate side-attachment-wail insulator layer does not exist is set to 
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[Claim 12] The longitudinal directions of {100) and said gate electrode of the principal plane of said silicon 
substrate are the <1 10> directions of said silicon substrate. And an opening exists between said silicon substrate 
and the base of said gate side-attachment-wall insulator layer of the part in which said liner layer does not exist. 
And the facet of said EREBETEDDO source film and the EREBETEDDO drain film exists in this opening. The 
include angle of these facets and said silicon substrate to make, respectively 25.23 degrees, The distance 
between said silicon substrate and the base of said gate side-attachment-wall insulator layer And y, When the 
dimension of the direction of channel length of the base of said gate side-attachment-wall insulator layer of the 
part in which the gate side-attachment-wall insulator layer of said liner member does not exist is set to x The 
semiconductor device which has the EREBETEDDO source drain structure according to claim 8 characterized by 
fulfilling the conditions of y/x<tan (25.23 degrees). 

[Claim 13] The process which forms a dummy gate electrode through a buffer oxide film on a silicon substrate, So 
that the process which performs an ion implantation to said silicon substrate by using said dummy gate electrode 
as a mask, and said buffer oxide film and said dummy gate electrode may be covered By carrying out overall 
etching of said 1 st insulator layer to the process which forms a liner layer (Si02) in the whole surface, and the 
process which forms the 1st insulator layer on said liner layer The process which the side attachment wall of said 
gate electrode is made to save said 1 st insulator layer selectively through said liner layer, and forms a gate side 
attachment wall, While removing by etching said liner layer of the field which is not covered by said 1 st insulator 
layer The process which makes said liner layer save between the lower base of the side attachment wall of said 
1 st insulator layer, and said silicon substrate, Where the front face of said silicon substrate around said liner layer 
and the side attachment wall of said 1 st insulator layer is exposed, epitaxial growth of silicon is performed. The 
process which forms the silicon film on said liner layer and said silicon substrate around the side attachment wall 
of said 1 st insulator layer, and by performing annealing, after injecting impurity ion into the front face of said 
silicon substrate through said silicon film The process which forms a source diffusion layer and a drain diffusion 
layer in the front face of said silicon substrate, The process which carries out flattening of said interlayer 
insulation film front face, and exposes said dummy gate electrode surface after depositing an interlayer insulation 
film on said dummy gate electrode, said liner layer, and the side attachment wall of said 1st insulator layer, Said 
dummy gate electrode and the process which subsequently removes said buffer oxide film and exposes said 
silicon substrate surface, The process which forms gate dielectric film in said exposed silicon substrate surface 
and the side-attachment-wall inner surface of said 1st insulator layer, The manufacture approach of the process 
which embeds gate ****** which is on the exposure front face of said silicon substrate, and by which flattening 
of the top face was carried out to Mizouchi surrounded with said gate dielectric film, and the semiconductor 
device which has the EREBETEDDO source drain structure which changes more. 

[Claim 14] Said gate electrode is the manufacture approach of a semiconductor device of having the . . . 
EREBETEDDO source drain structure according to claim 13 which is a metal and is characterized by including the 
process which makes the reaction prevention film intervening between said gate dielectric film on the exposure 
front face of said silicon substrate , and said gate electrode before the process which embeds said gate electrode 
further at Mizouchi surrounded with said gate dielectric film . 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the semiconductor device which has the structure where started 



a semiconductor device and its manufacture approach, especially the source field and the drain field were caught 
up with rather than the front face of a silicon substrate from the first, and its manufacture approach. 
[0002] In the MOS mold integrated circuit, in order to realize a detailed and high-speed component, the Salicide 
(SALICIDE:SelfAligned Silicide) technique which forms metal silicide film, such as Co silicide film and Ti silicide 
film, in self align on a source diffusion layer and a drain diffusion layer is developed. 

[0003] On the other hand, it will be necessary to form shallowly from a substrate front face more than the former 
the source diffusion layer and the drain diffusion layer as detailed-ization progresses. 

[0004] However, since considering applying the above SALICIDE techniques to the component made detailed the 
silicide-ized reaction of the refractory metal film and a silicon substrate progresses while the refractory metal film 
consumes the silicon of a silicon substrate, it will become difficult to form junction (fastener) to the well in the 
shallow field from a substrate front face, a source field, or a drain field. 

[0005] In order to solve this problem, catching up with the front face of a source field and a drain field rather than 
the front face of a silicon substrate from the first is performed by forming the epitaxial silicon film on the source 
field of a silicon substrate surface, and a drain field. 

[0006] Subsequently, by injecting impurity ion into a substrate front face through the epitaxial silicon film, then 
depositing the refractory metal film, and performing a silicide-ized reaction, forming junction in a shallow field from 
a substrate front face from the first is proposed at the same time it forms the source field and drain field of low 
resistance. 

[0007] Thus, the technique of carrying out epitaxial growth of the silicon on a source field and a drain field, and 
catching up with the front face of a source field and a drain field rather than the front face of a silicon substrate 
from the first is called the EREBETEDDO source drain technique. 

[0008] Moreover, the thing of the structure where the source field and the drain field were caught up with rather 
than the substrate front face from the first is called EREBETEDDO source drain structure below. 
[0009] The sectional view of the MOS transistor which has the conventional EREBETEDDO source drain 
structure in drawing 10 is shown. 

[0010] On the silicon substrate 81, the gate electrode 83 which consists of polish recon through gate oxide 82 is 
formed. In the side attachment wall of this gate electrode 83, it is Si02. The gate side-attachment-wall SiN film 
85 which consists of silicon nitride (SiN) through a liner 84 is formed. 

[001 1] Moreover, the source diffusion layer 86 and the drain diffusion layer 87 are formed in the front face of a 
silicon substrate 81 in self align. On these source diffusion layers 86 and the drain diffusion layer 87, the source 
silicon film 88 and the drain silicon film 89 which consist of single crystal silicon, respectively are formed by the 
epitaxial grown method. 

[0012] However, there were the following problems in the MOS transistor which has this kind of EREBETEDDO 

source drain. structure.. - - • ■•■ 

[001 3] That is, since a facet 90 produces the EREBETEDDO source film 88 and the EREBETEDDO drain film 89 
in each soffit of the gate side-attachment-wall SiN film 85, a source field and a drain field are imminent in the 
part, and raising serves as imperfection. 

[0014] Therefore, in case impurity ion is injected into a substrate front face through the EREBETEDDO source 
film 88 and the EREBETEDDO drain film 89 and the source diffusion layer 86 and the drain diffusion layer 97 are 
formed, it presses, and in imperfection and time, the source diffusion layer 86 and the drain diffusion layer 87 
have deep raising, and it becomes the thing of high high impurity concentration. 

[0015] Consequently, a depletion layer is formed in a channel field of the electric field produced to a channel field 
at the time of transistor actuation, and lowering of |Vth| (absolute value of a threshold electrical potential 
difference) and pressure-proofing between source-drains fall. That is, the problem of a short channel effect arises. 
[0016] Furthermore, in the part which the facet produced, since junction in the shallow field from a substrate 
front face was not able to be formed, junction leakage current arose there and it had become the cause by which 
this degraded the property of a transistor remarkably. 

[0017] Considering the case where a SALICIDE technique is applied to the MOS transistor made detailed like 
****, it will become difficult from progressing, while the refractory metal film consumes the silicon of a silicon 
substrate to form shallow junction. 

[0018] Then, MOS TORANJI with EREBETEDDO source drain structure was proposed until now. That is, after 
forming the epitaxial silicon film on the source field and the drain field and catching up with the front face of a 
source field and a drain field rather than the substrate front face from the first, forming the shallow source 
diffusion layer and drain diffusion layer of low resistance and junction was proposed by performing impregnation of 
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impurity ion and a silicide reaction. 

[0019] However, since a facet produces the epitaxial silicon film in a gate edge soffit, a source field and a drain 
field are imminent in the part, and raising serves as imperfection. 

[0020] Consequently, it pressed, and since a source diffusion layer with raising deep in imperfection and time and 
a drain diffusion layer were deep and it became the thing of high high impurity concentration, there was a problem 
that a short channel effect arose. Furthermore, in the part which the facet produced, since shallow junction was 
not formed, the problem that junction leakage current arose there was pointed out. 
[0021] 

[Problem(s) to be Solved by the Invention] This invention was made in consideration of the above-mentioned 
situation, and the place made into the object is to offer the semiconductor device which has the EREBETEDDO 
source drain structure where generating of a short channel effect and junction leakage current was controlled, 
and its manufacture approach. 

[0022] Moreover, other objects of this invention can reduce the capacity between the source gates and between 
source drains, and are to offer the semiconductor device which has the EREBETEDDO source drain structure 
where a good property with still less junction leak and proof-pressure degradation between source drains is 
acquired, and its manufacture approach. 
[0023] 

[Means for Solving the Problem] This invention is constituted as follows, in order to attain the above-mentioned 
object. 

[0024] The semiconductor device (claim 1) which has the EREBETEDDO source drain structure of this invention 
A silicon substrate and the gate electrode prepared in said silicon substrate surface through an insulator layer, By 
forming the EREBETEDDO source film and EREBETEDDO drain film with which those surface parts were caught 
up with from said silicon substrate surface at least on the source field of said silicon substrate surface, and a 
drain field It is the semiconductor device in which the front face of said source field and a drain field has the 
structure caught up with rather than said silicon substrate surface. The 1st gate side-attachment-wall insulator 
layer in which it was formed in the side attachment wall of said gate electrode, and the base separated from said 
silicon substrate surface, and was formed, It is formed between this 1st gate side-attachment-wall insulator layer 
and said gate electrodes and in the base of said 1st gate side-attachment-wall insulator layer. It consists of an 
ingredient of said 1 st gate side-attachment-wall insulator layer, and a different ingredient, and the part formed in 
this base is characterized by consisting of the 2nd gate side-attachment-wall insulator layer which exists in the 
inside base part of said gate electrode approach among the bases of said 1st gate side-attachment-wall insulator 
layer, and;. 

[0025] At this time, an opening exists between said silicon substrate and the base of said 1st gate side- 
.attachmentrrwalLinsulator- layer. ofthe part. in.. which said.-2nd.gate side-attachment-wall insulatorJayer does, not ... 
exist (claim 2). The facet of said EREBETEDDO source film and the EREBETEDDO drain film exists in this 
opening. The distance between theta, said silicon substrate, and the base of said 1 st gate side-attachment-wall 
insulator layer for the include angle of this facet and said silicon substrate to make And y, When the dimension of 
the direction of channel length of the base of said 1st gate side-attachment-wall insulator layer of the part in 
which said 2nd gate side-attachment- wall insulator layer does not exist is set to x, it is characterized by what the 
conditions of y/x<tantheta are fulfilled for (claim 3). 

[0026] At this time, the principal plane of said silicon substrate (claim 4) the longitudinal direction of {100] and 
said gate electrode Are the < 1 1 0> directions of said silicon substrate, and an opening exists between said silicon 
substrate and the base of said 1st gate side-attachment-wall insulator layer of the part in which said 2nd gate 
side-attachment-wall insulator layer does not exist. And the facet of said EREBETEDDO source film and the 
EREBETEDDO drain film exists in this opening. The include angle of these facets and said silicon substrate to 
make, respectively 25.23 degrees, The distance between said silicon substrate and the base of said 1st gate side- 
attachment-wall insulator layer And y, When the dimension of the direction of channel length of the base of said 
1st gate side-attachment-wall insulator layer of the part in which said 2nd gate side-attachment-wall insulator 
layer does not exist is set to x, it is characterized by fulfilling the conditions of y/x<tan (25.23 degrees). 
[0027] Moreover, at this time, the ingredient of said 1st gate side-attachment-wall insulator layer is a silicon 
compound containing nitrogen, and, as for the ingredient of said 2nd gate side-attachment-wall insulator layer, it 
is desirable that it is the silicon compound which does not contain nitrogen. 

[0028] Moreover, the semiconductor device (claim 5) which has the EREBETEDDO source drain structure of this 
invention A silicon substrate and the gate electrode prepared in said silicon substrate surface through an 
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Insulator layer, By forming the EREBETEDDO source film and EREBETEDDO drain film which have the 
conductivity those surface parts of whose are metal silicide film at least and which were caught up with from said 
silicon substrate surface on the source field of said silicon substrate surface, and a drain field It is the 
semiconductor device in which the front face of said source field and a drain field has the structure caught up 
with rather than said silicon substrate surface. The 1st gate side-attachment-wall insulator layer which consists 
of a silicon compound which it is formed in the side attachment wall of said gate electrode, and a base separates 
from said silicon substrate surface, and is formed, and contains nitrogen, It is characterized by having the 2nd 
gate side-attachmentrwall insulator layer which is formed between this 1 st gate side-attachment-wall insulator 
layer and said gate electrodes and in the base of said 1 st gate side-attachment-wall insulator layer, and is 
different from said silicon compound. 

[0029] Moreover, the manufacture approach (claim 6) of a semiconductor device of having the EREBETEDDO 
source drain structure of this invention So that the process which forms a gate electrode through gate dielectric 
film on a silicon substrate, and said gate dielectric film and said gate electrode may be covered The process 
which forms the 2nd insulator layer which consists of an ingredient which can be etched with an etch rate quicker 
than the ingredient of this 1st insulator layer on the process which forms the 1st insulator layer in the whole 
surface, and said 1st insulator layer, By using said 1st insulator layer for the etching stopper to said silicon 
substrate, and carrying out overall etching of said 2nd insulator layer While removing by etching said 1 st insulator 
layer of the process which makes the side attachment wall of said gate electrode save said 2nd insulator layer 
selectively through said 1st insulator layer, and the field which is not covered by said 2nd insulator layer The 
process which makes said 1st insulator layer save selectively between said 2nd insulator layer and said silicon 
substrates, Where the front face of said silicon substrate of said 1 st and 2nd perimeters of an insulator layer is 
exposed, epitaxial growth of silicon is performed. The process which forms the silicon film without a facet in the 
part which touches with said 2nd insulator layer on said silicon substrate of said 1 st and 2nd perimeters of an 
insulator layer, By performing annealing, after injecting impurity ion into the front face of said silicon substrate 
through said silicon film It is characterized by consisting of the process which forms a source diffusion layer and a 
drain diffusion layer in the front face of said silicon substrate, the process of said silicon film which changes a 
surface part into the metal silicide film at least, and;. 

[0030] At this time, said 1st insulator layer is a silicon compound which does not contain nitrogen, and, as for said 
2nd insulator layer, consisting of the silicon compound containing nitrogen is desirable. 

[0031] The semiconductor device (claim 7) with which the MOS transistor which has the EREBETEDDO source 
drain structure of this invention is formed A silicon substrate and the gate electrode formed in said silicon 
substrate surface, On the source field of said silicon substrate surface, and a drain field, the EREBETEDDO 
source film and EREBETEDDO drain film with which those surface parts were caught up with from said silicon 
substrate surface at least are formed. It is. the semiconductor-device with which .the, MOS. transistor, in which the 
front face of said source field and a drain field has the structure caught up with rather than said silicon substrate 
surface is formed. The 1st gate side-attachment-wall insulator layer formed in the side attachment wall of the 
gate electrode of said MOS transistor, It is formed between this 1st gate side-attachment-wall insulator layer and 
said gate electrodes and in the base of said 1st gate side-attachment-wall insulator layer. It consists of an 
ingredient of said 1st gate side-attachment-wall insulator layer, and a different ingredient, is formed between the 
front face of said silicon substrate, and the base of said 1st gate side-attachment-wall insulator layer, and is 
characterized by having the 2nd gate side-attachment-wall insulator layer which exists in the inside base part of 
said gate electrode approach. 

[0032] As for said gate electrode, at this time, it is desirable to carry out the laminating of the silicon nitride to 
polycrystalline silicon, and to be formed. Moreover, this invention The semiconductor device (claim 8) which has 
EREBETEDDO source drain structure A silicon substrate and the gate electrode prepared in said silicon substrate 
surface through an insulator layer, By forming the EREBETEDDO source film and EREBETEDDO drain film which 
were caught up with from said silicon substrate surface on the source field of said silicon substrate surface, and a 
drain field It is the semiconductor device in which the front face of said source field and a drain field has the 
structure caught up with rather than said silicon substrate surface. The gate side-attachment-wall insulator layer 
in which it was formed in the side attachment wall of said gate electrode, and the base separated from said silicon 
substrate surface selectively, and was formed, The liner layer selectively formed between the base of said gate 
side-attachment-wall insulator layer, and said silicon substrate surface, The gate dielectric film formed between 
the base of said gate electrode, and the front faces of said silicon substrate, and in the inner surface of said gate 
side-attachment-wali insulator layer, Through said gate dielectric film, it is on the exposure front face of said 
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silicon substrate, and it is prepared for Mizouchi surrounded with said gate dielectric film, and is characterized by 

the gate electrode with which flattening of the top face was carried out, and changing more. 

[0033] At this time, said EREBETEDDO source film and the EREBETEDDO drain film are characterized by what 

no facet is (claim 9) in the part which touched said 1st gate side-attachment-wall insulator layer. 

[0034] At this time, the reaction prevention film which intervenes between said gate dielectric film on the 

exposure front face of said silicon substrate and said gate electrode can be included further. 

[0035] Moreover, as for said gate electrode, it is desirable to consist of a single metal layer at least. Moreover, 

said gate electrode at this time is a tungsten, and aluminum and Cu. It is desirable that it is any one. 

[0036] Furthermore, as for said reaction prevention film, it is desirable that it is any one of titanium nitride, a 

nitriding tungsten, and the tantalum nitrides. 

[0037] Moreover, between said silicon substrate and said gate side-attachment-wall insulator layer, it is 
characterized by what (claim 10) an opening exists at this time. 

[0038] When the dimension of the direction of channel length of the base of said gate side-attachment-wall 
insulator layer of the part in which the facet of said EREBETEDDO source film and the EREBETEDDO drain film 
exists in this opening (claim 1 1), and y and said liner layer do not exist the distance between theta, said silicon 
substrate, and the base of said gate side-attachment-wall insulator layer in the include angle of the facet of a 
parenthesis and said silicon substrate to make is set to x, it is characterized by fulfilling the conditions of 
y/x<tantheta. 

[0039] At this time, moreover, the principal plane of said silicon substrate (claim 12) The longitudinal directions of 
(100) and said gate electrode are the <1 10> directions of said silicon substrate. And an opening exists between 
said silicon substrate and the base of said gate side-attachment-wall insulator layer of the part in which said liner 
layer does not exist. And the facet of said EREBETEDDO source film and the EREBETEDDO drain film exists in 
this opening. The include angle of these facets and said silicon substrate to make, respectively 25.23 degrees, The 
distance between said silicon substrate and the base of said gate side-attachment-wall insulator layer And y, 
When the dimension of the direction of channel length of the base of said gate side-attachment-wall insulator 
layer of the part in which the gate side-attachment-wall insulator layer of said liner member does not exist is set 
to x, it is characterized by fulfilling the conditions of y/x<tan (25.23 degrees). 

[0040] Furthermore, the manufacture approach (claim 13) of a semiconductor device of having the EREBETEDDO 
source drain structure of this invention The process which forms a dummy gate electrode through a buffer oxide 
film on a silicon substrate, So that the process which performs an ion implantation to said silicon substrate by 
using said dummy gate electrode as a mask, and said buffer oxide film and said dummy gate electrode may be 
covered By carrying out overall etching of said 1st insulator layer to the process which forms a liner layer (Si02) 
in the whole surface, and the process which forms the 1st insulator layer on said liner layer The process which 

the side attachment .walLof said gate, electrode Js .made to ..save .said J st insulatorJayecselectively through, said - . 

liner layer, and forms a gate side attachment wall, While removing by etching said liner layer of the field which is 
not covered by said 1 st insulator layer The process which makes said liner layer save between the lower base of 
the side attachment wall of said 1st insulator layer, and said silicon substrate, Where the front face of said silicon 
substrate around said liner layer and the side attachment wall of said 1st insulator layer is exposed, epitaxial 
growth of silicon is performed. The process which forms the silicon film on said liner layer and said silicon 
substrate around the side attachment wall of said 1st insulator layer, and by performing annealing, after injecting 
impurity ion into the front face of said silicon substrate through said silicon film The process which forms a 
source diffusion layer and a drain diffusion layer in the front face of said silicon substrate, The process which 
carries out flattening of said interlayer insulation film front face, and exposes said dummy gate electrode surface 
after depositing an interlayer insulation film on said dummy gate electrode, said liner layer, and the side 
attachment wall of said 1st insulator layer, Said dummy gate electrode and the process which subsequently 
removes said buffer oxide film and exposes said silicon substrate surface, It is characterized by the process 
embedding the gate electrode with which flattening of the top face was carried out, and changing more at 
Mizouchi who is on the process which forms gate dielectric film in said exposed silicon substrate surface and the 
side-attachment-wall inner surface of said 1st insulator layer, and the exposure front face of said silicon 
substrate, and was surrounded with said gate dielectric film, this time — said gate electrode (claim 14) — a metal 
— it is — further — It is characterized by including the process which makes the reaction prevention film 
intervene between said gate dielectric film on the exposure front face of said silicon substrate, and said gate 
electrode before the process which embeds said gate electrode at Mizouchi surrounded with said gate dielectric 
film. 
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'[0041] 

[Embodiment of the Invention] Before explaining one example of this invention below, the outline of this invention 
is explained with reference to drawing 1 1 and drawing 1 2 . 

[0042] The important section sectional view of an MOS transistor where drawing 1 1 has EREBETEDDO source 
drain structure, the EREBETEDDO source film and drawing 12 (a) thru/or drawing 12 (d) are each sectional view 
in which it is shown like the growth fault of the EREBETEDDO drain film. 

[0043] this invention persons are SiO [ in / in generating of the facet of an MOS transistor with EREBETEDDO 
source drain structure / a gate edge, a STI (Shallow Trench Isolation) edge, etc. ]2. It was shown clearly that it 
happens in a boundary part with the film. 

[0044] For example, usual Si02 as an ingredient of a gate side-attachment-wall insulator layer When it uses, as it 
is shown in drawing 1 1 , the EREBETEDDO source film 88 and the EREBETEDDO drain film 89 (epitaxial silicon 
layer) are the gate side attachment wall Si02. It is clear to produce the facet 90 which consists of the (311) 
crystal faces in the part which touched the film 91 (gate edge). 

[0045] For example, as shown in drawing 12 (a), it is Si02 to the side attachment wall of the gate electrode 83. 

The gate side-attachment- wall SiN film 85 is formed through the liner 84, and after the substrate front face of a 

source field and a drain field has been exposed, selection epitaxial growth of silicon is performed. 

[0046] If it does so, as shown in drawing 1 2 (b), the EREBETEDDO source film 88 and the EREBETEDDO drain 

film 89 (epitaxial silicon film) will grow along with gate oxide 82 (Si02 film) at the beginning. 

[0047] After an appropriate time and Si02 In order to grow up along with a liner 84, they are gate oxide 82 and 

Si02. As a result of becoming equal to the case which carried out epitaxial membrane formation along with the 

edge of Si02 film substantially where it consists of edges with a liner 84, the facet 90 which consists of {31 1) 

sides in a gate edge soffit will arise. 

[0048] Next, when the epitaxial growth of silicon is continued holding the condition which shows in drawing 1 2 (b), 
as shown in drawing 12 (c), a facet side will contact the base edge of the gate side-attachment-wall SiN film 85, 
and a part of the facet side will be exposed to the exterior of the gate side-attachment-wall SiN film 85. 
[0049] Drawing 13 is a microphotography (SEM image) in which the experimental result proving this is shown. 
[0050] The SiN film (thickness: 240nm) / Si02 It is an obtaining microphotography when epitaxial growth of the 
silicon is carried out on a membranous (thickness: 50nm) pattern and the epitaxial growth of silicon is continued 
further after that (it is equivalent to the condition of drawing 1 2 (b)). 

[0051] Since the front face has always exposed the facet side while epitaxial growth continues, silicon will grow 
epitaxially without a facet 90 disappearing, so that clearly from drawing 12 (c) and drawing 1 3 . 
[0052] Consequently, as shown in drawing 1 2 (d), the EREBETEDDO source film 88 and the EREBETEDDO drain 
film 89 which have a facet 90 will be formed in a gate edge soffit. 
.... „ . r0053l this invention.— .drawing J 2 -Xa)~ or—Jn order to control generating.of.the facet 90 in the gate edge., 
which boiled, referred to and described drawing 12 (d), generating of a facet mentioned above is controlled by 
devising the ingredient of the gate side-attachment-wall insulator layer 85, and the configuration (structure) of 
the edge soffit of the gate side-attachment-wall insulator layer 85. 

[0054] With reference to a drawing, the 1 st example of this invention is explained below. 

[0055] First, the description on an ingredient is described. In this invention, the insulating material containing 
nitrogen, such as silicon nitride (SiN) or nitriding silicon oxide (SiON), is used as an ingredient of a gate side- 
attachment-wall insulator layer. 

[0056] When this kind of insulating material is used, each thickness of the EREBETEDDO source film and the 
EREBETEDDO drain film (epitaxial silicon film) is because it became clear by less than about 100nm that a facet 
does not arise by research of this invention persons. 
[0057] Next, the description on a configuration (structure) is described. 

[0058] Here, the case where the gate side-attachment-wall insulator layer (gate side-attachment-wall SiN film) 
which consists of SiN is used is explained. 

[0059] First, in drawing 1 , it is on a silicon substrate and etching clearance of the Si02 liner 84 in the lower part 
of the gate side-attachment-wall SiN film 85 is carried out in a longitudinal direction using a rare fluoric acid 
water solution etc. 

[0060] Then, it is Si02 when selection epitaxial growth is made to perform in the silicon layer on a silicon 
substrate. The upper bed section of the facet 90 contacted and formed in the liner 84 contacts the base of the 
gate side-attachment-wall SiN film 85. 

[0061] For this reason, the field of a facet 90 can hide in the base of the gate side-attachment-wall SiN film 85, 
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cannot be exposed to the outside of the gate si de-attachment- wail SiN film 85, and can prevent growth of a facet 
90 in subsequent growth. 

[0062] If the include angle of the facet 90 generated at this time is set to theta as shown in an enlarged drawing 
(distance y between the base of the gate side-attachment-wall SiN film, and a silicon substrate) /(amount x of 
longitudinal direction etching) <tantheta — (formula 1) 

it becomes — as — the amount x of longitudinal direction etching — if it puts in another way — Si02 The 
structure shown in drawing 1 can be acquired by controlling the dimension of the direction of channel length of 
the base of the gate side-attachment-wall SiN film 85 of the part which a liner 84 is formed and is not. The value 
of theta can be calculated if the crystal face of the facet to generate is known. 

[0063] For example, what is necessary is just to be theta= 25.23 degrees, since {311} sides occur preferentially as 
a facet in a pattern edge in carrying out vapor phase epitaxial growth of the silicon on the pattern of the <1 1 0> 
directions formed on the {100} wafers used in the usual semi-conductor process. 

[0064] When are stated in more detail and the facet side generated actually turns into a compound side of {31 1} 
sides and a field steeper than {311} sides It follows for assuming that only {31 1} sides occur when it has a facet 
angle (theta defined above) with the facet side steeper than {31 1} sides otherwise generated (formula 1), and they 
are the amount x of longitudinal direction etching, and Si02. It is enough if thickness y of a liner is determined. 
[0065] The epitaxial silicon layer which does not have [ in / as mentioned above / the soffit section of the gate 
side-attachment-wall SiN film 85 ] a facet can be formed. 

[0066] Drawing 6 shows the microphotography (cross-section SEM image) in which it is shown that the facet has 
not arisen in the part in contact with the SiN film, when satisfied actually (formula 1). At this time, they are the 
SiN film (thickness: 240nm) / Si02. The experiment sample to which epitaxial growth of the silicon was carried 
out is used on the membranous (thickness: 50nm) pattern. 

[0067] On the other hand, since it has the property as SiN in which SiON is the same when SiON is used as a 
liner ingredient, they are above SiO(s)2. Generating of a facet can also be controlled without being based on 
configuration control (Parameter x, control of y and theta) of the pars basilaris ossis occipitalis of the gate side- 
attachment-wall SiN film by longitudinal direction etching of a liner. 

[0068] Therefore, it does not need to be cautious of the configuration of the pars basilaris ossis occipitalis of the 
gate side-attachment-wall SiN film 85 in this case. 

[0069] Next, the gestalt of concrete operation of the first of this invention is explained with reference to drawing 
2 thru/or drawing 4 . 

[0070] Drawing 2 thru/or drawing 4 are each process sectional view showing the manufacture approach of an 
MOS transistor of having the EREBETEDDO source drain structure concerning the 1st operation gestalt of this 
invention. 

[0071] First, as.shownJn drawing 2 (a), when a principal plane pours, in Aa (arsenic) . ion.and performs .annealing on 

the front face of the silicon substrate 1 of {1 00} continuously, n mold well 2 with a depth of about 1 micrometer is 
formed. 

[0072] Next, as shown in drawing 2 (b), a shallow trench is formed in the front face of a silicon substrate 1 , and 
the component isolation region which specifies the formation field of an MOS transistor is formed by STI (Silicon 
Trench Isolation) by embedding the interior of this trench with an oxide film 3. The thickness (depth of a trench) 
of an oxide film 3 is about 6Q0nm. 

[0073] Next, in order to adjust the threshold electrical potential difference of an MOS transistor after forming the 
protection oxide film 4 with a thickness of about 10nm in a substrate front face by thermal oxidation as shown in 
drawing 2 (c), the impurity ion 5 is injected into a substrate front face through the protection oxide film 4. Then, 
the protection oxide film 4 is exfoliated. 

[0074] Next, as shown in drawing 2 (d), after forming gate oxide 6 with a thickness of about several nm by thermal 
oxidation, the gate electrode 7 which consists of polycrystalline silicon is formed on this gate oxide 6. The 
longitudinal direction of this gate electrode 7 is chosen in the <1 10> directions of a silicon substrate 1. 
[0075] The concrete formation approach of the gate electrode 7 is as follows. That is, after depositing the 
polycrystalline silicon film with a thickness of 200nm it is thin to the gate electrode 7 with a CVD method etc. on 
gate oxide 6, a photoresist pattern is formed on this polycrystalline silicon film, and it forms by making this into a 
mask and etching the polycrystalline silicon film. 

[0076] Next, as shown in drawing 3 (e), the gate electrode 7 is used as a mask, impurity ion is injected into a 
substrate front face, annealing is performed after an appropriate time, and the shallow source diffusion layer 8 and 
the drain diffusion layer (LDD) 9 of low high impurity concentration are formed in self align. 
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'[0077] The conditions of an ion implantation are BF2. If it is an ion implantation, acceleration voltage is 10KeV(s) 
and dose 5x1014cm-2. 

[0078] next, it is shown in drawing 3 (f) — as — the whole surface — Si02 from — Si02 liner 10 with a thin 
thickness of 10nm — LPCVD — law — depositing — continuing — LPCVD — law — Si02 The silicon nitride 1 1 
with a thickness of about 70nm is deposited with sufficient coat nature on a liner 10. 

[0079] Si02 Since a liner 10 is used for an etching stopper at an after process, the thickness of Si02 liner 10 
requires thickness about 10nm or more. 

[0080] Next, it is Si02 as shown in drawing 3 (g). A liner 10 is used for etching SUTOPA to a silicon substrate 1, 
the whole surface of the silicon nitride 1 1 is etched by the RIE method, and it is Si02 to the side attachment wall 
of the gate electrode 7. The silicon nitride 1 1 is made to save selectively through a liner 10. Hereafter, this silicon 
nitride 1 1 that remained is called gate side-attachment-wall SiN film 1 1 . 

[0081] In addition, at this operation gestalt, it is Si02. It is Si02, although it etched so that a liner 10 might not 
disappear. It is Si02 if the gate oxide 6 which is the substrate of a liner 10 does not disappear. A liner 10 may 
disappear. 

[0082] For such etching, gate oxide 6 (thermal oxidation film) is Si02. It can carry out easily from it being the film 
more precise than a liner 10 (LPCVD film). 

[0083] As shown in drawing 3 (h), by next, the wet etching (isotropic etching) using a diluted-fluoric-acid water 
solution etc. Si02 of the field which is not covered with the gate side-attachment-wall SiN film 1 1 While removing 
a liner 10 and gate oxide 6 Si02 of the base of the gate side-attachment-wall SiN film 1 1 By etching a liner 10 
and gate oxide 6 into a longitudinal direction, it is Si02. The part inside the gate side-attachment-wall SiN film 1 1 
is made to save a liner 10 and gate oxide 6 selectively. 

[0084] What is necessary is just to make into 23.5 degrees the include angle theta of the facet which explanation 
of drawing 1 defined, in order to control generating of the {311) facets at the time of using the silicon substrate 1 
of the principal plane in the case of the epitaxial growth of the silicon of an after process (100) here. 
[0085] The distance y which drawing 1 defined is Si02 here. It is equivalent to the sum total thickness d of a liner 
10 and gate oxide 6. Therefore, Si02 A liner 10 and the amount x of longitudinal direction etching to the thickness 
of gate oxide 6 [nm] etch so that d/x<tan25.3" may be filled. 

[0086] At this operation gestalt, it is Si02. Thickness of 10nm and gate oxide 6 is set to several nm for the 
thickness of a liner 10. What is necessary is here, just to set thickness of gate oxide 6 to x> 27.5, since it is set 
to at most 3nm, then d= 13. 

[0087] Thus, Si02 By carrying out specified quantity etching of a liner 10 and the gate oxide 6 in a longitudinal 
direction, the opening of a predetermined dimension will be formed between the base of the gate side- 
attachment-wall SiN film 11, and a silicon substrate. 

. [0088]. Next, as shown in drawing. 4 (i),.the epitaxial silicon film.(single-crystalTsilicon.film) JZ with. a thickness. .of 
about 50nm is formed on the source diffusion layer 8 which removed Si02 liner 10 and gate oxide 6, and appeared 
with the gaseous-phase selection epitaxial grown method, and the drain diffusion layer 9. 

[0089] Moreover, as material gas of the epitaxial silicon film 12, it is SiH2 CI2, for example. It is the mixed gas of 
gas and HCI gas H2 What was diluted with gas is used. Moreover, a pressure is set as the low voltage force of for 
example, 10Torr bases. In addition, as material gas, it is SiH4. Gas may be used. 

[0090] The epitaxial silicon film 12 is Si02 at the initial stage of growth of the thickness of less than 10nm. In 
order to touch a liner 10, the facet 13 of (311) sides is produced. 

[0091] And if growth progresses and thickness exceeds 10nm, a facet 13 hides in the base of the gate side- 
attachment-wall SiN liner 10, and epitaxial silicon will grow, touching the side face of the gate side-attachment- 
wall SiN film 11. 

[0092] Therefore, in a gate edge soffit, the epitaxial silicon film 12 is the phase of growth where the thickness 
exceeded 10nm, and does not produce a facet. 

[0093] However, in order to make it not produce a facet, the thickness from the base of the gate side- 
attachment-wall SiN film 11 of the epitaxial silicon film 12 needs to be less than 100nm. It is because a facet will 
arise even if it grows epitaxially along with the SiN film if set to 1 0Onm or more. 

[0094] In addition, although the epitaxial silicon film 12 is formed also on the gate electrode 7, since the gate 
electrode 7 which is a substrate is the polycrystalline silicon film, the polycrystalline silicon film on this gate 
electrode 7 does not turn into single-crystal-silicon film like the epitaxial silicon film 12 on the source diffusion 
layer 8 and the drain diffusion layer 9. 

[0095] Moreover, although signs that the epitaxial silicon film 12 is growing are drawn in drawing also on the oxide 
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film 3 which is an isolation insulator layer, it cannot be made to grow up on an oxide film 3, either. 
[0096] Next, as shown in drawing 4 G), the gate electrode 7 and the gate side-attachment-wall SiN film 1 1 are 
used as a mask, impurity ion is injected into a substrate front face, annealing is performed after an appropriate 
time, and the deep source diffusion layer 14 and the drain diffusion layer 15 are formed in self align with high high 
impurity concentration rather than the source diffusion layer 8 and the drain diffusion layer 9. The conditions of 
an ion implantation are BF2. If it is an ion implantation, acceleration voltage is 40KeV(s) and dose 3x1015cm-2. 
[0097] Since there is no FASSETO in the epitaxial silicon film 12 of the part which touched the gate side- 
attachment-wall SiN film 1 1, it is not formed in the source diffusion layer 14 and the drain diffusion layer 15 which 
were deep in the gate edge which caused a short channel effect and junction leakage current, and had the field of 
high high impurity concentration. 

[0098] Next, as shown in drawing 4 (k), after forming the metal silicide film 16 in self align using the usual Salicide 
technique, an interlayer insulation film 17 is deposited on the whole surface. 

[0099] Finally, opening of the contact hole is carried out to an interlayer insulation film 17, the aluminum wiring (a 
source electrode, drain electrode) 18 is formed, and the MOS transistor which has EREBETEDDO source drain 
structure is completed. 

[0100] In addition, although all the epitaxial silicon film 12 was silicide-ized and the metal silicide film 16 was 
formed, only the upper part of the epitaxial silicon film 12 may be changed into the metal silicide film 16 here. 
[0101] According to [ as stated above ] this operation gestalt, it is Si02 as a liner. The gate side-attachment-wall 
SiN film 1 1 is used as a liner 10 and a gate side-attachment-wall insulator layer. Furthermore, it is Si02 of the 
base of the gate side-attachment-wall SiN film 1 1 . After carrying out specified quantity clearance of the liner 1 0 
in a longitudinal direction and forming the opening of a predetermined dimension between the base of the gate 
side-attachment-wall SiN film 1 1 , and a silicon substrate 1 By [ of silicon ] carrying out epitaxial growth, the 
epitaxial silicon film 12 which does not have a facet in the part which touched the gate side-attachment-wall SiN 
film 1 1 can be formed now. 

[0102] Therefore, since it is not necessary to form a diffusion layer with the deep high high impurity concentration 
in the gate edge which caused a short channel effect and junction leakage current by injecting impurity ion into a 
substrate front face through the epitaxial silicon film 1 2 without this facet, and forming the source diffusion layer 
14 and the drain diffusion layer 15, a detailed MOS transistor without the problem of a short channel effect or 
junction leakage current can be realized. 

[0103] Next, the 2nd operation gestalt of the semiconductor device which has the EREBETEDDO source drain 
structure of this invention, and its manufacture approach is explained. 

[0104] Drawing 5 (a) thru/or drawing 5 (c) are the sectional views of each process showing the manufacture 
approach of an MOS transistor of having EREBETEDDO source drain structure. 

[0105] In .addition, the. same, sign is given to drawing 2 thru/or drawing 4 .,and a -corresponding, part,, and-. . 
explanation of the configuration is omitted. 

[0106] The point that this 2nd operation gestalt differs from the 1st operation gestalt is to have used the SiON 
liner 19 instead of the SiN liner 10. 

[0107] The process sectional view shown in drawing 5 (a) is the same as the process sectional view obtained at 
the process shown in the 1st drawing 2 and drawing 3 of an operation gestalt, and the same as the 1st operation 
gestalt except for the point using the SiON liner 19. 

[0108] To a degree Si02 of the field which is not covered by the gate side-attachment-wall SiN film 1 1 as shown 
in drawing 5 (b) A liner 19 and gate oxide 6 are removed. It is not necessary to etch the SiON liner 19 into a 
longitudinal direction at this time. 

[0109] Next, as shown in drawing 5 (c), the epitaxial silicon film 12 with a thickness of about 50nm is formed on 
the source diffusion layer 8 and the drain diffusion layer 9 with a gaseous-phase selection epitaxial grown method. 
[01 10] Here, in growing up while the epitaxial silicon film 12 touches the SiON film since SiON has the same 
property as SiN about the epitaxial growth of silicon namely, it grows up evenly, without producing a facet like the 
case where it grows up touching the SiN film. 

[01 11] Therefore, even if the SiON liner 19 is not etched into the longitudinal direction, the epitaxial silicon layer 
1 1 which does not have a facet as shown in drawing 5 (c) is formed. 

[01 12] The process which continues next is the same as the process to drawing 4 which shows the 1st operation 
gestalt. Also in this 2nd operation gestalt, the same effectiveness as the 1 st operation gestalt is acquired. 
[01 13] In addition, this invention is not limited to the above-mentioned operation gestalt. For example, with the 
above-mentioned operation gestalt, although the case of the MOS transistor of a simple substance was explained, 
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this invention is applicable also to the CMOS transistor which is the device which consists of an MOS transistor 
from which the conductivity type of a channel differs mutually. 

[01 14] Next, the manufacture approach of a DAMASHIN gate transistor is explained below with reference to 
drawing 7 thru/or drawing 9 as the 3rd example of this invention. 

[0115] By the known approach, a component field is formed in the semi-conductor substrate which consists of 
silicon by vadum mold isolation (STI). Although not illustrated, after, making the silicon nitride which serves as a 
mask through a buffer oxide film deposit on a silicon substrate for example and carrying out patterning of the 
resist for an imprint the pattern of a component field is formed in a silicon nitride by RIE (Reactive Ion Etching). 
[01 16] Next, after removing a resist, the silicon substrate of a component isolation region is etched by using a 
silicon nitride as a mask. Next, insulator layers, such as silicon oxide, are made to deposit on a component 
isolation region, and flattening is carried out to the silicon nitride top face which is a mask in CMP (Chemical 
Mechanical Polishing) etc. 

[01 17] Then, a component field and a component isolation region are formed by removing a silicon nitride and a 
buffer oxide film. High impurity concentration of the channel part of a transistor is adjusted by pouring in an 
impurity all over a transistor formation field if needed. 

[01 18] The buffer oxide film 21 is formed on silicon substrate top 20, and amorphous, or polycrystalline silicon 22 
and the silicon nitride 23 is made to deposit in order, as shown in drawing 7 (a). 

[01 19] Apply a resist, the part which should form a gate electrode is made to imprint a gate pattern, and it is with 
the silicon nitride 23 to a mask about it. The dummy gate 24 is formed by performing anisotropic etching of 
polycrystalline silicon 22. 

[0120] Next, for example, let the dummy gate be a mask on 10keV(s) and about [ 5x1014 cm-2 ] conditions using 
BF2 gas. B An ion implantation is performed and the field which should turn into a part of source field and drain 
field and which is called LDD (Lightly Doped Drain) is formed. 

[0121] Next, let this be the liner layer 25 by depositing about 10nm Si02 using LP-CVD method etc., or oxidizing. 
Subsequently, an about 70nm SiN layer is deposited with sufficient coat nature to the liner layer 25 with LP-CVD 
method etc., and it leaves SiN only to a gate side attachment wall by RIE, and considers as the SiN gate side 
attachment wall 26. 

[0122] The above-mentioned oxide film liner layer 25 plays the role of the etching stopper at the time of carrying 
out RIE of the SiN. 

[0123] In addition, as shown in drawing 7 (a), if SiN is thoroughly etched only by leaving the gate side attachment 
wall 26, the SiO two-layer which is the liner layer 25 may be etched a little, but if the liner layer 25 remains, the 
Si substrate 20 can be protected from RIE and will not generate a damage. 

[0124] Then, for epitaxial growth, although Si selection epitaxial growth is performed, since it is required for an 
epitaxial layer to inherit the crystallinity of a substrate, it is necessary to remove, Si02. which remains on .a source 
drain. 

[0125] Then, it is based on etching by rare fluoric acid etc. in front of epitaxial growth, and Si02 on a source drain 
is removed beforehand. 

[0126] In isotropic etching like the wet processing by rare fluoric acid etc., not only the natural oxidation film on a 
source drain but the oxide film of the pars basilaris ossis occipitalis of the SiN gate side attachment wall 26 is 
etched. ( Drawing 7 (b)) 

What is necessary is just to make into 23.5 degrees theta which drawing 1 defined in the above-mentioned 
example, in order to suppress generation of the {31 1} facets at the time of using (100) substrates. 
[0127] y which drawing 1 defined is equivalent to the thickness of Si02 liner 25 of this example. Therefore, the 
amount x of longitudinal direction etching is x> 21 nm from 1 0-/x<tan25.3 to 10nm in thickness of Si02 liner 25. It 
etches so that it may fill. 

[0128] An about 50nm epitaxial Si layer is succeedingly formed in a source drain field selectively with a gaseous- 
phase selection epitaxial grown method. Although this example shown by drawing 7 (c) describes the case where 
epitaxial growth is performed in the low voltage ambient atmosphere of 10Torr bases, using the mixed gas which 
diluted SiH2CI2/HCI with H2, even when SiH4 grade is used, it is possible to apply this invention effectively. 
[0129] In the initial stage of growth of the thickness of epitaxial Si of less than 10nm, since the epitaxial Si film 
touches Si02 liner 25, the facet 28 of {31 1} sides produces it, but in the initial stage of the growth in the event of 
exceeding less than 10nm of thickness, in order that a facet 28 may hide in the pars basilaris ossis occipitalis of 
the SiN gate side attachment wall 26, when it has thickness 10nm or more, a facet 28 does not produce epitaxial 
Si of the part which touched the SiN gate side attachment wall 26. 
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'[0130] then — for example, — BF2 gas — using — 40keV(s) and about [ 3x1 01 5cm - ] 2 The ion implantation of 
B is performed into epitaxial Si film 27 part, in order to form low resistance, using the dummy gate 24 and the SiN 
side attachment wall 26 as a mask, annealing is performed after an ion implantation, and a source diffusion layer 
and a drain diffusion layer are formed on a silicon substrate as a high concentration diffusion layer. 
[0131] In addition, silicide can also be formed in an epitaxial Si partial top face in order to form a source drain 
diffusion layer part into low resistance. In this case, a silicide formation process may be before the ion 
implantation of a diffusion layer. 

[0132] Since the epitaxial Si film which does not have a facet by this invention is selectively formed.on the 
source drain, and a deeper ion implantation does not go into the substrate between the SiN side attachment wall 
26 and the epitaxial Si film 27, it becomes possible for anomalous diffusion not to happen and to acquire a good 
property with little junction leak, proof-pressure degradation between source drains, etc. After this, after making 
the interlayer insulation films 29, such as TEOS, deposit on the whole surface as shown in drawing 8 (d), while 
carrying out flattening of the interlayer insulation film 29 by CMP etc., the silicon nitride of the top face on the 
dummy gate 24 is exposed. 

[0133] Subsequently, as shown in drawing 8 (e), it is the silicon nitride SiN 23 by heat phosphate treatment After 
removing, CDE (Chemical Dry Etching) removes the polycrystalline silicon 22 of the dummy gate 24. 
[0134] In a part for the slot which removed the dummy gate 24, a silicon substrate surface is exposed by 
removing the silicon oxide 21 formed as a buffer using rare fluoric acid processing. 

[0135] The partial enlarged drawing of said SiN side-attachment-wall 26 lower base at this time is shown in 
drawing 9 (g). Next, gate dielectric film 31 is formed by oxidizing a silicon substrate surface or making an insulator 
layer (for example, tantalum oxide) deposit, as shown in drawing 8 (f). 

[0136] The volume phases 30, such as a nitrated case, may be formed between silicon substrates by the case. 
The elements on larger scale of said gate dielectric film 31 at this time and the lower base of said SiN side 
attachment wall 26 are shown in drawing 9 (h). 

[0137] As shown in drawing 9 (i), the gate wolfram electrode 33 is embedded in a slot by forming a tungsten in a 
part for a slot and carrying out flattening by CMP etc., after making titanium nitride form as reaction prevention 
film 32, if a gate ingredient is used as a metaled tungsten in this example. At this time, the top face is finished 
evenly. 

[0138] in addition, said gate dielectric film — for example, — Ta 205 It changes and a dielectric constant is 
higher than silicon oxide. 

[0139] In case the silicon nitride SiN 23 is removed after the process shown in above-mentioned drawing 8 (d), 
the upper part of said SiN side attachment wall 26 is exposed from a front face, and etching clearance may be 
simultaneously carried out. In that case, a gate electrode is embedded in the upper part of said SiN side 

attachment wall 26 ~ ..... , . „, . .. 

[0140] However, since that etching depth remains in thickness extent of the SiN film also in this case, it is not 
etched even, so that the epitaxial Si film 27 is touched, and does not connect too hastily with a gate electrode. 
Therefore, the leakage current between the gate sources and between gate drains does not increase. 
[0141] After that, the usual transistor formation process is followed. That is, after making an interlayer insulation 
film deposit on the whole surface and carrying out patterning of a gate contact hole, a contact hole is formed by 
anisotropic etching. 

[0142] After forming titanium nitride as a reaction prevention layer, the aluminum used as gate wiring is formed. 
Gate wiring is imprinted to a resist by patterning, and gate wiring is completed by removing aluminum by etching. 
[0143] According to the 3rd example which shows the manufacture approach of the DAMASHIN gate transistor 
mentioned above, after high warm temperature processes about 700 degrees C or more, such as impregnation of 
source drain ion and annealing, and Si epitaxial growth, are completed, gate dielectric film 31 can be formed. 
[0144] Moreover, an elevated-temperature process 500 degrees C or more is not needed any longer after the 
formation process of this gate dielectric film 31. Therefore, a good property can be acquired at an elevated- 
temperature process, using high dielectric films with which change of physical properties takes place, such as 
Ta205 and BST, as gate dielectric film. 

[0145] Moreover, according to the 3rd example of the above, with the manufactured DAMASHIN gate transistor, 
between [ a part of ] the epitaxial silicon layers and gate electrodes which are a source field and a drain field 
serves as a cavity by the facet at the time of epitaxial silicon formation like the transistor manufactured by the 
manufacture approach by the 1 st and 2nd example mentioned above. 

[0146] For this reason, the capacity between the source gates and between source drains is reducible. At this 
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time, some liner film 25 remains in the lower base of said SiN side attachment wall 26. 

[0147] it is not limited to the above-mentioned operation gestalt, and in the range which does not deviate from 
the summary of this invention, this invention is boiled variously, it can deform and can be carried out. 
[0148] For example, etchback can also be formed although CMP is used for flattening of an interlayer film and a 
gate ingredient. 

[0149] Moreover, about a gate part, a gate electrode may be formed by patterning and etching, without performing 
flattening by CMP. Not only a tungsten but other metals, such as aluminum and copper, are possible for a gate 
electrode. 

[0150] Moreover, as reaction prevention film, a nitriding tungsten and tantalum nitride are sufficient besides 
titanium nitride. In addition, in the case of the polycrystalline silicon with which the electrode itself included not a 
metal but Lynn, the reaction prevention film is not needed. Gate dielectric film should just be an insulator layer 
not only with tantalum oxide but a high dielectric constant. Moreover, when the dummy gate is removed, local 
threshold adjustment can also be performed by carrying out an ion implantation over a buffer oxide film. Not only 
B but P is sufficient as the impurity which carried out the ion implantation in order to form a diffusion layer. 
[0151] It is B when forming P-diffusion layer. It is realizable by using BF2 grade. 
[0152] In addition, ion-implantation conditions differ in each ion kind. 

[0153] In addition, in the range which does not deviate from the summary of this invention, it deforms variously 

and can carry out. 

[0154] 

[Effect of the Invention] As explained above, according to the semiconductor device which forms the MOS 
transistor which has the EREBETEDDO source drain structure of this invention, and its manufacture approach, 
generating of a short channel effect and junction leakage current is controlled. 

[0155] Moreover, according to the semiconductor device with which the DAMASHIN gate transistor which has the 
EREBETEDDO source drain structure of this invention is formed, and its manufacture approach, the capacity 
between the source gates and between source drains can be reduced, and a good property with still less junction 
leak and proof-pressure degradation between source drains is acquired. 



[Translation done.] 



* NOTICES * 

JP0 and NCI PI are not responsible for any 
damages caused by the use of this translation. 

I.This.document has been translated. by-computer. So the translation may nat.reflect±he.original precisely... 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The sectional view expanding and showing the MOS transistor which has the EREBETEDDO source 
drain structure concerning this invention, and its part 

[Drawing 2] Each process sectional view showing the manufacture approach of an MOS transistor of having the 
EREBETEDDO source drain structure concerning the 1st operation gestalt of this invention. 
[Drawing 3] Each process sectional view showing the manufacture approach of the MOS transistor following the 
production process shown in drawing 2 . 

[Drawing 4] Each process sectional view showing the manufacture approach of the MOS transistor following the 
production process shown in drawing 3 . 

[Drawing 5] Each process sectional view showing the manufacture approach of an MOS transistor of having the 
EREBETEDDO source drain structure concerning the 2nd operation gestalt of this invention. 
[Drawing 6] The microphotography in which the detailed pattern formed on the substrate equivalent to the 
EREBETEDDO source film and drain film of an MOS transistor which have the EREBETEDDO source drain 
structure concerning this invention is shown. 

[Drawing 7] Each process drawing showing the manufacture approach of an MOS transistor of having the 
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EREBETEDDO source drain structure concerning the 3rd operation gestalt of this invention is shown. 
[ Drawing 8] Each process drawing showing the manufacture approach of the MOS transistor following the 
production process shown in drawing 7 is shown. 

[Drawing 9] The partial expanded sectional view of the process sectional views shown in drawing 8 and a final 
process sectional view are shown. 

fDrawing 10] The sectional view of the MOS transistor which has the conventional EREBETEDDO source drain 
structure is shown. 

[Drawing 1 1] The sectional view of the MOS transistor which has the EREBETEDDO source drain structure for 
explaining the outline of this invention. 

[Drawing 12] Each sectional view in which it is shown like the growth fault of the EREBETEDDO source film of 
the MOS transistor which has the EREBETEDDO source drain structure shown in drawing 1 1 , and the 
EREBETEDDO drain film. 

[Drawing 13] The microphotography in which the detailed pattern formed on the substrate equivalent to the 
EREBETEDDO source film and drain film of an MOS transistor which have the EREBETEDDO source drain 
structure shown in drawing 12 is shown. 
[Description of Notations] 

I — Silicon substrate 
7 — Gate electrode 
10 — Liner film 

I I — Gate side-attachment-wall insulator layer 

1 2 — Epitaxial insulator layer 

1 3 — Facet 

16 — Metal silicide film 
20 — Silicon substrate 

24 — Dummy gate 

25 — Si02 liner 

26 — SiN gate side attachment wall 

27 — Epitaxial Si film 

28 — Facet 

31 — Gate dielectric film 

32 — Reaction prevention film 



[Translation done.] 
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[0 0 3 0] r<D<t£\ fltnBfftO&tMgfi* 
i<tV^y = vKC%mx*1h <9 , fitTffBft 2 Ofeftlgll, ft 

[0 0 3 1] *^^©xl"<-T5/ KV— x • KKy 

$m\mf&$ft>%¥- hWfct, tuia-y y = ^m&mm 

*ffi#ttrlBS<' y => J: 9 fcifi 9 ±rf ibtufcfltig 

SrifoMOS h 7 ^^WS^S^if if T-ii) 
ot, fltrfHMOS h7V-^^©y- htt^wdiiatc:^ 

tiM&fe&is t atrtay- h ®b t o ra*s j: tmiass 1 © y 
- hMmmmmomm\zM&.£in. mm 1 oy- has 

«©SE t ittJfESg 1 hffl!)ll$6ii;l^©JiESt ©Wfc 

motion. ffifty-bnm&yvftw&mM&izft&i- 

[0 0 3 2] Cl©i£\ M8»±, &&& e sV 

i>\ J£&w<d xi^<-T7 Ky— * • Kwy 

«3tfc*1-5*NIM(sBH (81**8) tt, yy=yg& 
y-h®Bi, iftfE^y aySS^iSoy-^iifcJ: 



mmm t <om\m^mzM$tiit7-( -r-M t , am 
t . tway- httSBt&fl- uffiav'y => ysfio'ia* 

[0 0 3 3] r<0i:^, itUfe^ U"<-x y Ky-^KS. 

*9) zt*mmti.x\,^o 
[0034] z<Db$, stjiBv-y =t^m&<Dmmmm± 

[0035] wiay- hmmi*. >pt£< t bm-<o 

— Nmffif*. ^y^^xy, ai, cu rov^-ftu^— o-c 
[0036] tfiiESj^BSihMtt, S^^y-x ft 

[0037] roit, Wia-yy aystgtMfEy 
0) riSrfl*«i-t-<5. 

[0 0 3 8] r©3g|S£ (H^i 1) mriSWB3iU"<- 
30 7- y yy—xmRTfx- 1"<— t v K K w yiK© 77* 

yhiis#«b, io:©77ty htSiFiE-yy a^IS 

to^i-^^^e, WflE*yy =«y««it[rlEy-nw« 

Jft«R©JSffii:©M©I®ttSry» S&IE7^^- 

[0039] ^cDt#, mri5-yy=yss (m#m 
1 2) ©siiii, {100} , mm?- \*w.m<Ditt 

say- HB3isi&sjRojsaDi©ra»cttSRi*s#«Eu, a 

-f y K KH 1 y^©7 7 1 -7 h L, ^tvbyr 

•fey htfltjia-yy =yisi©!it^S4^wti2 
5. 23 0 , ^oisfev-y =>^mmtffi%zv- hwm& 

x<tan (25. 2 3°) ©*#«rJ»fci-r i Sr«H8 
so t UTV N 5o 
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[00401 st, lo^ci^-fyKy-^- 
3) tt v ->y => vaw±K:^y7T mtmtcft^xy ^ 

ffi*:85J:5fc. £ffifc7-f-7— ^ (Si02)*J&5M-3 

uwafg i (ot&mmzmm^muzff- n««*r»rt 

i-5XSi , ftrflB* 1 ©J68H-C«*>^"CV % *v^fil«© 

bbhfc. l&IBV'f^— JBSrW8EJBl©Jft«»«ofl!l«© 
TJStBtilSv-y aylStffl^l^S^tSiei, W 
E5-ft- S&tfiitjfEfg l ©|6«MII©ffi!iai©SH©Wna 

©iffe^tJKWfiaSroJSHWKFfEVy aySfilCV!) =»f 

4rfr5 rttioT, KrBvy ^ 

Sftffi*¥*MkU mJK^5-y-b^®*ffiSr@Sffl-r5 

^klSSr^bltrlB^y 3V«*R*ffiSrStibi-5X@t, 
WIEBta*^*:^ y =■ >«£*ffi&tfitflfEl& 1 ©*fe^ 

may- h«fe«a»"en**vfe»rtt» striae- h«ffi* 
tift^tpxa^ttfic ttiiEv'y = >-2£«©s?m^ffi±© 

fctf-ft^-frSXmSr^tf r. t Sr#^t Lt^5. 
[0 0 4 1] 

[004 2] HI 1 lit. i^- r y KV— * • KW 

K-f.> h*y— *JS£, *5«fctf0i 2 (a) nmwi 2 

(d) (i s :c u^<— x ^ K v®l<0^igSSr*i" 
<g-ttFrffi0-t?fc5. 

[0 0 4 3] #3gSH#ibf4, il"<-fyFy-?' K 
U-Offiitfc^ofcMOS h 7 y iy* tf> 7 7 y hO 
14(1 y-hiyv iJ ? > STI (Shallow Tr 



12 

ench Isolation) ly^fl^ltSS i 

02 mb<Dmftn&x~mz%zbt:wbfr\zviz. 

[0044] m*.S£, V- h«SIStttS!Bo*«*fc L-Til 
gWSi0 2 «rffl^/i®-&!-f*. Si 1 1 tc^l-J: 5 

SS i O2 SI 9 1 K.3i3/v?) KSSUfclSBfT? { 3 

1 1} eftB4>64i7rty h 9 0 

10 [0 0 4 5] #!)x_i4\ Hil 2 (a) 5 

h'WM8 3<OW&KS i O2 7>ft- 8 4£?TL-Cy— 

^ K W vSBSwSSSbB^BW Ufc^T% s/ y 3 v 

[0046] Jtj-rzb. 012 (b) (c^i-J:5t, 

gMLJ8l8 2 (Si0 2 l) IcfBot^fttS. 
[0 0 4 7] Lt!>>5@L S i0 2 7^t-8 4l:?SoT 
20 fi£ftt5fc«), y-hgffti8 2i:Si02 7-ft-8 

4 i©^* £fr 5 h®&ks i o 2 l©x-ry 

icjeotx^^-yt^ILfc^i^L<^5fe 

^ h3iyi?T*Bt? {3 11} Ii»WS77t5' 

h90dS£CTL3;5o 

[0048] ^tia 1 2 (b) \z7jk-r#m*vkft 

ayroxt^ar-y^^f SrM4i, El 1 2 
(c) H:jj*1-J;5»^ 77tyH*5y*-h«SiN 

18 5 <0j£3fllAK:&tt U * © 7 7 * y b Di<D-gl5 
14, hffiOSS i N18 5^g|5(cSm-r?>wi: ift 

30 <5o 

[004 9] 01 3(4, ;:axSrfiE9i-t~2>HS*)£*£^H" 

[0 0 5 0] Si NB : 240nra) /S i0 2 

m 0¥£ : 5 0nm) 0;^-yJbt'/ y 3 yfcai fcT* 
3-v-^Wfcft&-fr, (012 (b) ©:R<fifcffi^-f"S) 
t> levy 3 v<D^t*^^rv'-v-'V'^;S$r^cH"7t© 

[005 1101 2 (c) »l/Hl 3 36»6>Wbd»*J:5 

5r.i:^< v-y ay^xt^^-y^r/V^f LtU 5» 
[00 5 2] ^O^m, 012 (d) iC^i-T 4 5 i-s ^ 

- h^'y^T^yr±y h 9 0 SrWTS 31 ^-' ^ y 
K y_^.^ 8 sfci^i^^-^y KKW ySS8 9^ 

[005 3] 012 (a) 7i>S 012 (d) 

&\Z&ffl. LTic^^y— hxyy-e©77ty h90«3 
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[0054] uTmm*&m lt, *&w<dm i ©n& 

[0 0 5 5] *1\ WJft-L©^?::^?.. 

«u v-hm&$&mm(DttnkLx. mt^v=^> (s 

i N) StclZmtrnti/V (S i ON) ^©SSKS: 
[0 056] Wftfe. £©a©tt8k*m«:fli^fc»£- 

i o 0 n m^mTiiy y ± y h ifiSe. Dfc^ d £ 
SU# b WiF^T^ MZ & o fc X h 5 . 

[0057] mm) ±co^m^^^o 

[0 0 5 8] ZZXtt, S i NA>ib&.5y- hlffil^fef* 
SI (y-h{S«S i Njgl) £ffl^fc4&-a-}COVN-tlftBJ1-* 

(y- hums i Njg£©jest v-y a 

^V^lrx) < t a n 0 

i0 2 7-4 -i— 8 4*s»j«SM^!itv^»^©y— MUS 
S i NJK8 5 C0l6fficD^^^/vfi^r*]<O-i-feSr$!l^Ii-5 20 
Z.hX\ BHfc*Lfc«JSSr»5ii*Tf#S. 0 ©{it 

[oo6 3] tsjxtf, a*oiN»flK^D-fe^-cffivxf,n 

5 {10 0} ps/t— ±ICjgj&$Jl,fc< 1 1 0>#[6]© 

/< * - v± v- y 3 v & sue ^ t° * * * /wfcft * * -5 

Wr&\Zl±, stf — ls^yWzjS^X {3 11} Ii)S77 
±yhk L.xmftmz&±irZ fcifc, 6 = 2 5. 2 3' 

[oo6 4] $fe}ci¥u<^5t, nmz&£.-rz7 30 

T-tyhBS**, (311) It, (311) li!)*^ 
fcffii©1g£-ffit &ofc^g-t;i|2 N {fetc^-r57r-fe 
5/ {311} m£ V) tUft!fc77ty (±IE 

■CJfcBUfcfl) SrWtSi^ttJ^TIi, {3 11} ffi 

[0 0 6 5] £l±<D£oKLXy~ hmms i Nl8 5 

<oTj&Mteis\,^X7 5/ h©fci/VEbr**-v^/w->y 

[0 0 6 6] B] 6 Si, HSSfc(5S;i)«rSSSL-C^5»£- 
fctt, S i NJRfc«ttLfcflB@fCtt7T-fes' h^fC 
v^*V^i:S:*i-«»tt^ (ilSEMi) 5r^f„ 
C©t£\ S iNK 0P£ : 240nm) /Si0 2 l 

(f?:50nm) ©^^-y±t->!) ny^i^if 

[0 0 6 7] US i ONSrffl^ 

fc©£fcttS i ONiiS i Ntl^C<4HSrl*oTt^5© 
T% £Lk©«fc5#s i o 2 ^'f^-w^rfii^s/^^^ 
laS^-HiS i N^(DjStBO^ffi!)«9 so 



* 5, 



[0059] ftf, Hi {Cfc^T, -yil^ysgitfe 
oT, y- KffiiJIlS i N)g§8 5©T$Sic:&3 S i O 2 7 

[0060] r ©m, > y a vffi®±©-> y 3 >m\zm 
&^vfi*i'**f&&&nt£t>itzb. s io 2 7-a- 

— 8 4lz&f&LXMf&£titz.7T-ty h 9 0©±S8§5*s 
V— hWmS i NJg?8 5 (D&ftlzmk-fZo 
[00 6 1] z.<Dtztb y 77ty h 9 0©ffi2S. y_ ^ 
«IS i NBI8 5 ©JgffifcRgai,, MWISS i NS58 

5©*HB!lteBtii*i\ «P*©jftftfc*J^T7 7-fcs' h 9 

0 ©/&«£!» <* r t ifiX* -S, 

[0 0 6 2] tfc^BI-eS*-*-* 5iw, 
7ty|-9 0 0^^5:0 i-f-^t. 

- Wl) 

^x, y, eroffijp) icj:bf(;> 7rir-y ho^^Sr 

[0 0 6 8] LfciSot, -©#-a-fCtt, y-h-fi!lMS 

1 NJB8 5<D&&<D1&mz&.m-tZi&mi±ti:l<\ 

[0069] *&m<z>M,##)tm-<omm<Dj&m 
[0070] m 2 75MH) 4 1 ommwM 

[0 0 7 1] f-T. H)2 (a) (c^-r«t5i-> 
{100} (o-yyayifiKDSiirAs (flfcid) ^r^- 

[0 0 7 2] &K[H2 (b) ^-T«t5»w, 
&l <D^m\zm^ h\s>"?$:Ml$.l^ 
«BSrSMkfll3t»a«)iatpr ifcJ;oTST I (Silicon T 
rench Isolation) <fc oT, MO S h^V^^OM 

JKJ9 (hUVfOSS) {SRU6 0 0nmSffiffe 

[0 0 7 3] i^iC|21 2 (c) IZTF-fi. 5 f-, J¥$l On 

tC^Lfc^, MOS K7Vv?^^©L#^ffi®£ESrP 

-f^->-5SraA-r?)o r©^, ttBIMfcBUtrMRI- 

[0 0 7 4] RfcH 2 (d) iZjjk-tXolZ^ mZ&nm 

n&<oy-hfflm6&®mt\zj:<2XM&.Lit® > z. 

©y- KKfldK6±fc*fefi*>y ■zyfrhti^f - hm 

>-Stg 1 ©< 1 1 0 >*|6]IC3l/ l /t?fe5 0 
[00 7 5] y- htaffi 7 OAtftt*^*af«£ATO 
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7 2 0 OnmO»>P VH£ C V 

[0 0 7 6J &f£|g]3 (e) K7frt£ol£> ¥~ hMfe 

»S843j:U«KW"<>'St»@ (LDD) 95rgS^-&6?3!- 
[0 0 7 7] ^tVi!AOMtt> Mx.liBF 2 ©-f* 

v&AT'fctutf^ mmmm-s. ioKev, k-x* 5 x 

1 0l4 C m-2t?fc5„ 

[0 0 7 8] &fc|2l 3 (f) \Ztf-$-£ 0 t-v Affile S i 

02 1 OnmOS i C^-l' 7— lOfcL P 

cvDfeiaowu i^tLPcvDfeiat) s i 

0 2 7-C7-— 1 0±K1J1£ 7 0 nm®SWv-y ayfft 

[0 0 7 9] S i 0 2 7-<7— 1 Of*, «I8?iyf 
h s"*fclffl<^5©T?, S iO27-ft-10©K 
fffi 1 0 n mtS«±©DI SrS-TS. 
[0080] #Cf:i|2l 3 (g) tC^-f <fc 5 Si0 2 7 

-C^s/^v^L, y-FS«7©iIi:Si0 2 7^7" 
-1 0 5r^LT->y a^iffil 1 
5„ «T, r^aofcvy a^SflJSl l«r^-h« 
MS i NRl lt^5. 
[0 08 1 ] &*5, *3BttJ»«-Ctt. S i 0 2 

1 OjWBaSbfc^J: Mc^^^&frofca 5 , s iO 

2 7^7—1 0©Tifi-C*)5y-MMt«6^jKb3ic 
tf*Ui, S i 0 2 7^T—1 0lj:WLTtSl\ 

[0 0 8 2] r©i p&^-y^-Vcm, y-b®MfcJBI6 
UMMUK) *SSiO 2 7-ft-10 (LPCVDl) 

5. 

[0 0 8 3] &miS3 (h) fciSi-J: 5fc, 4fr*&7ki§ 

CicT, y- Mitts iNfitl l\z±yWt>inX\t^£ 
t>««© S i 0 2 7-Y7-- 1 Ofcit^y- H®MfcJ8l6 £ 
i: t>(-. -7 s — MSIISS i Nil l<DJ&ffi©S 
i0 2 1 OtoXW- hBMk»6S:«*l6lfc3i 

yfym^iWD, s i o 2 7-<t— i ojoir/ 

y- hSMtJ3t6 £-7*- MBSS iNll 1 X <9 t>l*jffi!]<0 
[0 0 8 4] ~ ~T\ ^I@ro->H ay©i t°^df-v-^ 

^fiKfiro^icjott?), {100} «->!J3ySgi 
fc^fct^g-© {311} 77t? h<75^^Srffl)»Ji-5 
ilOlSeit£|Lfe77t5' MDfc®0&2 

3. 5° 
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[o o 8 5] mi t?jeSbfcEKty», ::t"iiSio 
2 7-<t-i ot^-^ffieo^KJSdi^at 

5, Lfc**o-C, S i 0 2 7^ T— 1 0*J«fctfy- hg£ 
^bBSeofflOgJ^UTOftt&lRiaty^-^jftx [nm] 
d/x<tan25. 3° SrSSfci-J: 5 l^aiy^-V 

[0 0 8 6] #H1S»»-Ctt % Si0 2 7^t-10O 
BttffclOnm, y- hK<tK6 0Kfi|E*ftnmfc Lt 
y— bK-ftJ&6©J®J¥SriS* 3 nm£-f 
io tiff, d = i3i45©-e, x>2 7. 5iri-n«a 

[0087] rcoi? jcilts i o 2 7^7—1 0*5 J; 

y- h mm 6 ft fcgif fern*- y v y-f-s £ t 

\Z£<0 X V— URI^S i N^l lOjSffiiVy =>-s® 

[0 0 8 8] W:04 (i) l^tiM:, ^*IS1*^ 
t°^dr~>^^5fef' J; <9 > S iO 2 7^t-10fcJ: 

tJ 5 KW Vttf!cg9±fcjf:$ 5 0 nmSS©x^3fi/ 

[0 0 8 9] aif^drv'-V^Vy aVgl 2<D1% 

PclS*. t LTf±, «*.ff S i H 2 C 1 2 #*iHC 1 7^ 
7.<D}S-8-^5rH 2 Ty^-e^LfctjCCSrffi^So * 
fc s H*tt, 0>J^«1 OTo r r fcRj£1- 
5 0 )&*5> l^^tfCfi, S iH4^Srffl^tt) 

[0 0 9 0] ^t-^df-ix-r^v-y 2(2, -?rO^ 

1 0 nm*tS©J&*<D#)»!l8:|5g-m, S i 0 2 
7— 1 0 t^-TSfc* {3 11} I©77tj/ M3*± 

[0091] ut, j***sjft*, mm& l o nm*m 

TLftb, 77t7M3li7 ! -MlS iN^'ft-l 
s i N81 l©<fflffim*UJ5c^fe**-t-S. 

[0 0 9 2] bfcdSoT, -7*- h^y v=TffitC*3^T, 
3it°^df -y-t/V->y 2«, ^BPlOnm 

§r®^fc^ft©S|ig-e, 77t? hSr^CS^itt* 

[0 0 9 3] fcfcU 77ty hSr^D^^J: 

40 ttmaZs 3t^^de-v/^/v->y 2©y— b{ftiM 

S i N^l 1 ©SE^bWRfffi, 1 0 0nm*lT*ii 
i N^fCf,ioT^f^^->-y/^SL.-Ct)7 7-fe y h* 5 
[0 0 9 4] ^*5, f— bW&7 ±Kh^t°**~>'irJ\' 

•>y=yKi 2» fi K$jt5iJ t , iroy-hm®7±(D 

->y = fc*»e>, y-^s£ms8Joj:^Kw 

-r^assc^gio^f^drv-^^v-y =>^s?i 2©j; 7 

so ^i^ B B B -> y 3 S'jBU: fife £>&v\ 
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[0095] Hfctt, ^^^iSfiiH^-efos^k; 
[0096] dOiZ.m 4 ( j ) c^-r <t p f— hmm 

7, y- MBflfgS i N§|1 1 Sr-^^CLT, ^m&<i 

B»fr«jk:^-t-5. W^SA©*^, Mx.fi B F 
2 CD-f^vaA^fcnti. Jni£®ffitt4 0 K e V, K— 
Xft3 X 1 0 15 cm- 2 T?fc5 o 
[0 0 9 7] ?— hiKlSS iNlll }C«L.fc®gffW^ 
f^^rV-y/Vv-y ayRl 2 tetter s>-fc h^s^l''© 

r. titter. 

[0098] wci4 (k) {d*i-«t5^, mnwv 

fcJBjfcUfcSL JIHftlMRi7*£liilcJ|tt1-«. 
[0 0 9 9] *^td. JBIHMftWRntaV*^ 
SrBflQU AlSSa (y— KWX®&) 183: 

SMO S hyV^^^^fSc 
[0 10 0] fc*5, iW^V'i'Uay 

Mi 2cD^TSr->y-y--r Kteu-t&jRvy-y-^ kjri 6 

y 1M Kfflll 6C$ittft^„ 
[0101] £l_h»'<fcJ: 9&44UkVttK:J:;h,ri, 9 

t uxy- hmts i njri i *rfflv\ 

i Nil 1 <0&m<OS i O2 OSt^IpJ 

i-BfieftP^ tty- n^ijm s i nb£ 1 1 <omm t •> y 

MlSiNll lfcSjLfc«@¥li*5V^T7r-try 
i^x^afv/t/vyy^yUl 2Sr»j*T?t5 J:5fc 

[0 10 2] Ufc^oT, rcoy rir-y h^M^^t"^ 

y SrSA ut y-^»i i 4 it; k w y»l i 

!l-!>Sffi©Bgi©*^»a/j:MO Sh7 >-v?^^ Sr 
limits J: 

[0103] *^bj«djc 1x^-7=- y py— ^ • K 
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[0104] is (a) nmm 5 ( c ) tt % u~<— 7- 

Ky— ^ • KU"fyig%tt5MOS Yy>\/*?V> 
S«&#lfc«:*-*-«-xe©®rBBHT?* 5. 
[0 10 5] &*5, m2 7SWm4kttfc-?Z>$lft\Zl$m 

[0106] r. ©3? 2 ronjs^fig^^ 1 (ommmm t m 

tiiZ&i-i. SiN^-ft-lOOftb^CSiON?^ 
"T— 1 9SrffiV^fcr irlcfcS. 
[0107] 05 (a) {C*i"XS»ffl5Htt» 0 1 ©H 

ti^CTfc?), S iON7-^t-l 9Sriv^Sr^^ 

[0 10 8] Wi, 13 5 (b) (c^-rj; 5lc, y- h 
• fl!l§£S i Nil lflb^TV^t^CS i 0 2 
-7— 1 9*3i^y- MMkK6Sr»*i-5. 
S iON7^t-l 9f4^(^^^s/^V^i-5^®f± 

[0109] kkbis ( c ) tc^-fj:5fc, jsttsawiat 

y ayJSIl 2Sr^-T5. 

[oiio] r r T\ •yyayox^dfv't^ftli 

Bi It, S i ONUS i NiH*OttR*»otV^ft 
•f^fc>*.^t*^ :J fV-y^->!J ayjRl 2a*S i ON 

Rtftufcasbritfti-sgw-fctt, s iN»csu«s 

[0111] tfcASot, S i ON7>ft-l 9*s«l* 
|S]»C3is/^>'y$^TV^i< Tt>s 05 (c) \Zjfrjr£ 
30 p t-7rir s/ hcD^t^f^^f-^-ir/V'v-y =i >S l l tf* 

[0 112] iO«fcil<l8(4, flSKOldfe^ffi^ 

•f 04^t?oxStiDDt?fc^ o r©l2clWli; 
[0 113] /«cJb\ *5gP^fi. ±fBSQfc#llBlcRBj££;h, 
OS h9V^^O<fr&fc-5V^-ClttMLfc*S» *»M»± 

^^ ^ ^}c^•^^-'^o^a;iy^oS'iSMOS h^y-^^^ 

40 # 5o 

[0114] m^. *mw<D%3<omi&wk uy-^-y 

yy- hh7 ^ ©M5t*&SrHi 7 75S0 9 Sr#fiP. 

[0115] ->y 3^*»brii*iNw*a«icjiE»o*ife 

fflCU^ hSr/-«^ — =V^Lfc^, RIE(Reactive Ion 

Etching) ic «t 9 ->y => yg-fkB^icig^^rc'/'?^— v 
so ZMfc-tz. 
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[oi is] fti;:, h^^utm. 

<£>£M£I££*i?9$"£\ CMP (Chemical Mechanical Polish 

ing) « jr-e-r :4MUR±9& -e¥*fls 

1 o 1 1 8 ] m 7 (a) id^-r i 5 *s y =• >-s^± 

2 0iiI^y77M2 1«U #*SfiXtt, # 
3£.Br> P=y22ci/!)= ^SftR 2 3 «rMHfc*lt«£* 
5. 

[0 119] h«rSfe*U hWifeJMW"* 

y a 23t y 3 V 2 2 ©S*tti y 

>9°*ft 5 Itty; —7*- F24 trJMtt-S. 
[0 12 0] 0ijx.fi v BF2#;*«r/H^T 1 0keV,5 

xl014 cm-2a^©^T*^$-y- hSr-^^^ i: bT 

$Btft5^#x LDD(Lightly Doped Drain) t WtHtlZfR 

[0121] LP-CVD$fe«$&fflV>T 1 OnmHScDSi 

H§2 5 t-f5. tfC^T?, LP-CVD^fC i «J 7 OnmSS 
©SiNJiSr^'I'T— 12 5K*tL"Cl#BttJ:<*iaU R 
IEiCt (3 ff— h{BISfw<O^SiN4r«USiNy— MRIH2 6 

[0 12 2] f&3£©BMbffl!9<f'7— 12 511, SiNSrRIE 

[0 12 3] W, 07 (a) {ei^LfcJ; 5f-s y- b(ft] 
H2 6Zm-r<Z>%--?SiH%$E,£:\Z3Ly<?->'9'1-%>b. 7 
^t-12 5'efe5Si02St)^ :> ^S'^>'^ > $^ ; SSJ-a- 

7>rt-i2 s^a§ttv^iisiift2 o 
riej&» -c^-c^y—y»i, h^l&vv 

[0 124] rcom. Siil^t^^v-^jfcftfc^? 

[0 12 5] aitr^*->'-YA'JSJE*|&IC*7yK 

:/±<£>Si023ri&£ LTfc < o 
[0 12 6] #7 s/K<S[cJ:S>>3iy h&3<£>J: 

fctt-ettft< siN-7*- h{R]M2 6 roj&g&cDgtftJgfc^s/ 

fy^eW. (IU7 (b) ) 

±entS0y-<?tt, <i ooisi?rffl^fcs^o{3 1 1} 

7rty h<0±&*1RlZ.5tt)?>lZ. Sl-eSffiLfceS: 
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2 3.5° ii"^fSJ:v\ 

[0127] HI Lfcyte. ^MMWSi027-Y 

•7"- 2 5©fef$!^ttai-a. lot, Si027-f-7— 2 5 
OnmlCMbTHI^lSl^-y^^^Sx!*, 10/x<ta 
n25.3j:t9, x>2 1nm &ffifzir£ 5 £jl y T^V^Srff 

[0 12 8] 3l#rc#^il^t°**v^/W&ftftlC 
it), y— ^ • K W V®Jg{C31tR6<)!C 5 Onmgg©^ 
f^^->^/USi^S:^i-2). 07 (c) -e^f^HJS 
io ptfT-fi, SiH2C12/HCl$rH2-C-^Lfcj!g-&7y^.^ffiV\ 

1 0 Torr-&CO{Sff#H^T*^ t° * 3r 5/ * /U*S Srt? 5 @ 
-a-fcoVTlBSEi-S^, SiH4f£&fflt'»fc^§-t? 1 b#fg9! 

[0 12 9] :tf ^v' + A'Si©^^* 5 1 Onm^^lro^ 

2 5t^-T5fc*, (3111 I©77tyF28M 
£32*. Hffl 0nm7|5i§Srffl^5^T'©^fiW|DWS 
|SgT?tt7T-feS' h 2 8fi, SiN-7*— hfi!lg2 6<7?jiclfBfc: 
|Wu<&fc«>, SiN^- hfiiB2 6fc«Ufcfft£©;tlf* 

20 ^->^/VSif± % 1 0nm^!.±OKJf:$r^r-t-3i:#7 7irs' 
h 2 SMCSrtlWK 

[0 13 0] t^T, 0iJ^tf BF2#:*$rfflV">T4 OkeV, 
3x101 5cm-2mS[® Bco-< tyi§EASry 5 -> f— h 
2 4&tJ ? SiN<H01i2 6 5r-7^^i: LTi&ffifcvfk-rSfci?) 

[0 13 1] i^, y-J* • KWvttlkJi«B»S:(S16gi 
<k-f-5fc»»-, ^^-v'^/vSigB^iffiJcvy-^-i' K 

[0 13 2] *3gK»C±t) 77*7 h©&t'oc* , **-> 
fci?), 6 t^t°^^-v--V^Si^2 7 tCDF^05 

stm^ersr tnft<, ^-a-y -**\ y-^ • ku- 

IBtftSo rw^fi, 1218 (d) iz^-tX 5t-, ^Ef- 
H*tfTE0S«?©JIM»S«2 9 5r*i^$-tirfc:S, CMPft 
40 ifr?S^^lS2 9*¥-&ik£it5bki>lzy5.-'y- 
h 2 4±©lI©->!) a^-fklgiSrSai^-erS. 

[0133] @8 (e) \zm-t&o\z® i >oh,m 
t&mizxy ->y =>y£4tmsiK 23 Sr^*ufc^, cde(c 

hemical Dry Etching) \Z <fc K> # 5 — f— V 2 4 <D#!gS 
->!)372 2$r^*-t"S. 

[0 13 4] ^5—7*- h 2 4 4:B**LfciMlS#te*SV* 
t, /<y77 t LT^LTtv-y 3^S!«2 1 Sr^r-S. 
of &ISrfflV^tl^4t5r t tv!) a ygSiiSrS 

so [0135] OfitfgaSiNffiflSI 2 6 T^£<oa5^6«3 
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££*[II£S]9 (g) !C^1" 0 fcKBI8 (f) iZTjk-TXolZ 

g?3 lSr^-fS. 
[0 13 6] ®-&{CJ;oTv'y 3>-S«i:©Frgic^Jxff 

S2^~ 3 1 ,5WMfflSiN{B!)Ig 2 6 <DTHE©$|5# 

iJ£*H]£[I19 (h) fc^i". 
[0137] H9 (i) K?rrf£o\Z*mMmX'te. ¥ 

2 1 Lrmz-ttrnkf-fi **M&2i£it& > muftis 

yyxy-^ZMi&i^ cMPtf-espfi-fb-f 5^ i-e, y- 

[0 13 8] ft, flMB^- (-ftMRtt, Ta205 

[0 13 9] -h|20 8 (d) C/Tl,fcli©il:i'!)3 
.V-^kKSiN 23Sr^-t"5^»w, BfjfESiNffi!)® 2 6©± 

[0 14 0] L^L&jJS^ ^©^{jtiDxj;^^ 

[0 14 1] -?:<D&fi, ji#©h7^^^^XSfc 
[0142] SOSBSit® t LXmt^f >-^Wm Lfc 

[0143] ±5eufcy-^v-vy— h S 7 >" * ©§£ 

7 o o t cs«Jw±(DH?£^xs^i^T Lfc^tcy- \-m 
[oi4 4] x. ^<r>y- vm&m* 1 ©«i®wt 

V\ Sot, Kaia-C*it©aEft*Sier5» Ta205,BS 

T^^Ksim^sry- Hmrnt ltjbv\ 

[0 14 5] ±IEm3©SOS«fcj:ixri, Siffi^ 
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[0 14 6] :©fc*y-^ • y- nam^y-* • k 
Wv^©^3RS:H'JMi-5^t^-e#5 0 r©£§\ 7 
-T-?— JSI2 5©— eB^t!fffiSiNiHfll82 6©T/lEltg!o-C 

[0147] *&w&, ±mmm&m\mfe£ti%t><D 

10 [0148] 0y*.ff v JUfflJHLRVy- Mm© J P*Hfcfc 

[0 14 9] X, y- h»^fcB8UT»4, CMP-e¥*Hfc; 
Srfffoflc^-^y^iiyfy^tJ:^- b@BS 

[0 15 0] X, RfcM±mt LTtt. ^t^^VWflfe 

[0151] p-tmm*Bf$,-tz>m&it. bf2^§t 

[0 15 2] M, -t^Jtow^^fcJav^TW 
[0 15 3] *^©S?§Srjfeffiib/j:v^ffl 
[0 15 4] 

[0 15 5] X. &&W<0^l"<—<r-y • Ku 

[®ffi©tS*Jtelft^] 

[Ell] ^Inl^ix^-fy Ky— ^ • Kwy 

[(H 2 ] *ii©g 1 ©SQfiJgffifc'figSa. l"<— t- y K 
y-^. • Ku'ViliSr^tiMOS h^^v^^^wM 

so [H 3 ] HI 2 iO^-T^iglSICfgK MO S h7 Vi^^ 
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[i4] El 3 \z.^W^XW^&< MOSh7 9 

<dw&-%& ifr-r* Jimm eu 

[El 5] *&m<D$(S2<DmfaBWtK&Z^i"<— 1 rv K 
[El 6] fcaSBUfc****!"*— J r y Ky— * • FW> 

* si** x w k w vBSfc« a -r a s«-t $ 

[El 7] *38WOJB3 0|8KS»ffiR:ff5*W"<— K 
y-* • K^yiMttSMOS hyy^^oS 

[El 8] EI7{c^-rM3tXStc^<MOS h7V^^ 
[El 9] H8M*i-XS»fffiH©rto|IB»«Jlt*»fffiBI 

[Ell 0] ^Oil"<-fyKy-^ • KW^iS 
fc^TTSMOS ^^y^^^W^fffiEISr^-f. 

[Ell l] *«W©ttK*8M§1" ; &fc«><0:r-w<— ; r y 20 
Ky— 7- • KWV«3SSr*i"5MOS h7^^© 
WffiEU 

[El 1 2 ] El 1 1 ICSH-a: W<— T v Ky — * ■ KW 



[Ell 1 




[Ell 0] [Ell 1] 
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y-^^S.t) ! ^ w<-x 3/ K • K u-f y^wsE;ftigm?r 
[Ell 3] Ell 2 }^i"3c w<— x y Ky— * • Kwf 

I 0-7'ft-S 

I I Ymmmm 

1 3-77tf h 

1 6 yiM KM 

2 o-yyaySS 

2 4- h 

2 5—Si029-<i — 

2 6- -SiNy— 

2 7 tf^^A-SiJS 

2 8—7r-fey b 

3 i-y- vttmm 

3 2-RfSRJhffll 
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